Record Display Form Page 1 of 1 



First Hit Previous Doc Next Doc Go to Doc# 



Ll: Entry 1 of 2 < File: JPAB Jul 31, 2002 

PUB-NO: JP02002212775A 

DOCUMENT- IDENTIFIER: JP 2002212775 A 

TITLE: Ni ELECTROPLATING METHOD FOR RARE EARTH BASED PERMANENT MAGNET 
PUBN-DATE: July 31, 2002 
INVENTOR- INFORMATION : 

NAME COUNTRY 
OSHIMA, KAZUHIDE 

ASSIGNEE-INFORMATION: 

NAME COUNTRY 
SUMITOMO SPECIAL METALS CO LTD 

APPL-NO: JP2001013288 
APPL-DATE: January 22, 2001 

INT-CL (IPC): C25D 3/12; C25D 7/00; H01F 41/02 
ABSTRACT : 

PROBLEM TO BE SOLVED: To provide an Ni electroplating method for forming an Ni 
plating film which has excellent uniform electrodepositing properties, densiness 
and appearance on the surface of a rare earth based magnet by using an Ni plating 
solution having a new composition. 

SOLUTION: In the Ni electroplating method for a rare earth based permanent magnet, 
an Ni plating film is formed on the surface of a magnet by using a plating 
solution. The plating solution contains Ni ions and chlorine ions by the contents 
which control the weight ratio of the Ni ion concentration to the chlorine ion 
concentration (Ni2+/Cl-) to 0.19 to 11.4 and, as a buffering agent, at least one 
kind selected from succinic acid, malonic acid, citric acid, malic acid, acetic 
acid and the salts thereof by 0.03 to 1.0 mol/1 and boric acid by 0 to 15 g/1 are 
used. 
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BASIC-ABSTRACT: 

NOVELTY - A nickel plating film containing nickel ions, chlorine ions, and an acid 
such as succinic acid, malonic acid, boric acid, citric acid, maleic acid or acetic 
acid having 0.03-1.0 mol/1, and their salts of 0-15 g/1, is formed on the surface 
of a permanent magnet. The nickel ion concentration w.r.t the chloride ion 
concentration is set to 0.19-11.4 weight ratio. 

USE - For providing a nickel plating film on the surface of a rare-earth group 
permanent magnet, such as a R-Fe-B group permanent magnet. 

ADVANTAGE - By setting the nickel ion concentration w.r.t the chloride ion 
concentration, the precipitation of nickel on the magnet surface is prevented, 
providing the magnet with good characteristics. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electric nickel plating approach for forming nickel 
plating coat excellent in throwing power, compactness, an appearance, etc. in the front face of a rare 
earth system magnet using nickel plating liquid of a new presentation. 
[0002] 

[Description of the Prior Art] Although rare earth system permanent magnets , such as a R-Fe-B system 
permanent magnet represent by the Nd-Fe-B system permanent magnet , have high magnetic properties , 
since the metal kind ( especially R ) which oxidation corrosion be easy to be carry out in atmospheric air 
be include , when it be use without perform surface treatment , under the effect of a slight acid and 
alkali , moisture , etc. , corrosion will advance from a front face , rust will be generate , and they will 
cause degradation and dispersion of magnetic properties in connection with it . Furthermore, when rust 
is generated to the magnet built into equipments, such as a magnetic circuit, there is a possibility of rust 
dispersing and polluting circumference components. Therefore, in order to avoid these troubles, forming 
nickel plating coat as a corrosion-resistant coat in the front face is performed by electric nickel plating 
that the corrosion resistance required of this magnet should be given from the former. In electric nickel 
plating of a rare earth system permanent magnet, the plating liquid containing a boric acid is widely 
adopted, for example like the plating liquid indicated by JP,6-13218,A. Boric-acid content nickel plating 
liquid has the buffer action excellent in the boric acid. The pH (in general 4-8) environment suitable for 
plating processing of a rare earth system permanent magnet can be made easily, From nickel plating coat 
formed using this plating liquid being excellent in throwing power, compactness, an appearance, etc. It 
also has the advantage like considering as best as plating liquid for forming nickel plating coat in the 
front face of a rare earth system permanent magnet, and excelling in current efficiency or operability, 
and drug solution cost being low. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, in boric-acid content nickel plating liquid, in 
order to demonstrate an operation of a boric acid without how, to include about 30 g/1 of boric acids in 
plating liquid generally is needed. Although nickel plating liquid indicated by said official report has 
comparatively few contents of a boric acid, as for the content, it is 15 g/1 which has the fewest content of 
a boric acid with the plating liquid still indicated by the example. Also in order for the correspondence 
to an environmental problem to prevent water pollution in indispensable recent years, the 
correspondence to the wastewater problem of plating liquid serves as an important problem, and it is 
necessary to make the content of the boric acid it cannot be told to an environment about boric-acid 
content nickel plating liquid that is desirable, either reduction-ize. On the other hand, when forming a 
direct nickel plating coat in a rare earth system permanent magnet front face and performing barrel type 
electroplating especially, by the time it energizes to all magnets at homogeneity, nickel may carry out a 
permutation deposit. Even if it performs electric nickel plating to the magnet in which nickel carried out 
the permutation deposit to a front face, nickel plating coat formed will be inferior to throwing power, 
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and will affect magnetic corrosion resistance as a result. Therefore, although the effectiveness of nickel 
plating coat formation is maintained, it is necessary to make nickel ion concentration contained in 
plating liquid reduction-ize as much as possible. Then, this invention aims at offering the electric nickel 
plating approach for forming nickel plating coat excellent in throwing power, compactness, an 
appearance, etc. in the front face of a rare earth system magnet using nickel plating liquid of a new 
presentation. 
[0004] 

[Means for Solving the Problem] this invention persons by adjusting use and the content of the buffer 
replaced with the weight ratio of nickel ion concentration contained in nickel plating liquid, and chlorine 
ion concentration, and a boric acid as a result of performing various examination in view of the above- 
mentioned point Even if it reduces the content of the boric acid in nickel plating liquid A permutation 
deposit of nickel plating coat which maintained the outstanding properties, such as throwing power, 
compactness, an appearance, etc. which nickel plating coat formed using nickel plating liquid which 
contains the boric acid of an amount conventionally has, being formed, and nickel is controlled. The 
knowledge of the ability to form nickel plating coat excellent in throwing power was carried out. 
[0005] This invention is made based on the above-mentioned knowledge. The electric nickel plating 
approach of this invention It sets to the electric nickel plating approach of a rare earth system permanent 
magnet a passage according to claim 1 . nickel ion and a chlorine ion in a content from which the weight 
ratio (nickel2+/Cl-) to the chlorine ion concentration of nickel ion concentration is set to 0.19-1 1 .4, It is 
characterized by forming nickel plating coat in a magnet front face using the plating liquid which 
contains 0.03 mol/1 - 1 .0 mol/1 and a boric acid for at least one sort chosen from a succinic acid, a 
malonic acid, a citric acid, a malic acid, acetic acids, and these salts as a buffer zero to 15 g/1. Moreover, 
the electric nickel plating approach according to claim 2 is characterized by said plating liquid 
containing 15 g/1 - 80 g/1 and a chlorine ion for nickel ion 7 g/1-80 g/1 in the electric nickel plating 
approach according to claim 1 . Moreover, the electric nickel plating approach according to claim 3 is 
characterized by said plating liquid containing a boric acid zero to 10 g/1 in the electric nickel plating 
approach according to claim 1 or 2. Moreover, the electric nickel plating approach according to claim 4 
is characterized by being electric nickel plating for forming nickel plating coat after the 2nd layer for 
forming a composite-plating coat layer in a magnet front face in the electric nickel plating approach 
according to claim 3. Moreover, the electric nickel plating approach according to claim 5 is 
characterized by the weight ratios to the chlorine ion concentration of nickel ion concentration of said 
plating liquid for forming a direct nickel plating coat in a magnet front face being 0.19-4.0 in the electric 
nickel plating approach according to claim 1 . Moreover, the electric nickel plating approach according 
to claim 6 is characterized by performing electric nickel plating in the electric nickel plating approach 
according to claim 1 to 5, performing pulse electrolysis. Moreover, the electric nickel plating approach 
according to claim 7 is characterized by a rare earth system permanent magnet being a R-Fe-B system 
permanent magnet in the electric nickel plating approach according to claim 1 to 6. 
[0006] 

[Embodiment of the Invention] The electric nickel plating approach of this invention is set to the electric 
nickel plating approach of a rare earth system permanent magnet, nickel ion and a chlorine ion in a 
content from which the weight ratio (nickel2+/Cl-) to the chlorine ion concentration of nickel ion 
concentration is set to 0.19-1 1.4, At least one sort chosen from a succinic acid, a malonic acid, a citric 
acid, a malic acid, acetic acids, and these salts as a buffer 0.03 mols/1. - 1 .0 mol/1, It is characterized by 
forming nickel plating coat in a magnet front face using the plating liquid which contains a boric acid 
zero to 15 g/1. 

[0007] nickel ion and a chlorine ion are included in nickel plating liquid used in the electric nickel 
plating approach of this invention so that the weight ratio (nickel2+/Cl-) to the chlorine ion 
concentration of nickel ion concentration may be set to 0.19-1 1.4. When the weight ratio to the chlorine 
ion concentration of nickel ion concentration is smaller than 0.19, a chlorine ion remains on a magnet 
front face, or there is a possibility that problems, like the internal stress of nickel plating coat formed 
becomes high too much may arise, and when larger than 1 1 .4, there is a possibility of affecting the 
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electrical conductivity of nickel plating liquid. What is necessary is just to include 15 g/1 - 80 g/1 and a 
chlorine ion for nickel ion 7 g/1-80 g/1 for example, in plating liquid, in order to adjust to such a weight 
ratio. In addition, as a source of supply of nickel ion, there are a nickel sulfate, a nickel chloride, nickel 
amiosulfonate, nickel bromide, nickel acetate, etc. Moreover, as a source of supply of a chlorine ion, 
there are others, an aforementioned ammonium chloride, an aforementioned sodium chloride, etc. 
[ nickel chloride ] 

[0008] At least one sort chosen from a succinic acid, a malonic acid, a citric acid, a malic acid, acetic 
acids, and these salts as a buffer is included 0.03 mol/1-1.0 mol/1. When there are few contents of these 
buffers than 0.03 mol/1, there is a possibility that buffer action may not fully be demonstrated, and when 
[ than 1.0 mol/1 ] more, there is a possibility of affecting the long term stability of nickel plating liquid. 
When forming a direct nickel plating coat in a magnet front face, as for a buffer, it is desirable to make it 
contain 0.2 mol/1-1.0 mol/1 from a viewpoint which controls a permutation deposit of nickel as much as 
possible. In a buffer, it is desirable in the point of the compactness of nickel plating coat that a citric acid 
and its salt are formed. In addition, as a salt of a succinic acid, a malonic acid, a citric acid, a malic acid, 
and an acetic acid, there are sodium salt, potassium salt, ammonium salt, nickel salt, etc. 
[0009] nickel plating coat which maintained the outstanding properties, such as throwing power, 
compactness, an appearance, etc. in which nickel plating coat formed using the plating liquid which 
contains the boric acid of an amount conventionally also as 15 or less g/1 has the content of the boric 
acid in nickel plating liquid, can be formed by adjusting use and the content of the buffer replaced with 
the weight ratio of nickel ion concentration contained in nickel plating liquid, and chlorine-ion 
concentration, and a boric acid as mentioned above. 

[0010] From it being important to secure high current efficiency and to form nickel plating coat quickly, 
when forming a direct nickel plating coat in a rare earth system permanent magnet front face Although it 
is desirable to include a boric acid within the limits of a maximum of 1 5 g/1 in nickel plating liquid, it 
sets to the electric nickel plating approach of this invention, especially, when the content of the boric 
acid in nickel plating liquid is 10 or less g/1 That nickel plating coat which has the property which was 
excellent even when a boric acid was not ultimately included in plating liquid can be formed In the 
correspondence to the wastewater problem of plating liquid, it is very desirable, and effectiveness is 
demonstrated when forming nickel plating coat after the 2nd layer for forming a composite-plating coat 
layer in a magnet front face. 

[001 1] Moreover, nickel plating coat which controlled the permutation deposit of nickel and was 
excellent in throwing power can be formed by adjusting the weight ratio to the chlorine ion 
concentration of nickel ion concentration of nickel plating liquid for forming a direct nickel plating coat 
in a rare earth system permanent magnet front face to 0. 1 9-4.0. 

[0012] As for pH of nickel plating liquid, adjusting to 4-8 is desirable. The well-known thing according 
to the component of plating liquid should just be used for pH regulator for nickel carbonate, a sulfuric 
acid, etc. in order [ moreover, ] to fulfill a detergency, an adhesive property, etc. which are demanded at 
the time of application to electronic parts in order to form nickel plating coat which has the appearance 
excellent in nickel plating liquid - the various kinds like brighteners, such as sodium lauryl sulfate, 2- 
butine 1, 4-diol, benzenesulfonic acid, propargyl alcohol, and a coumarin, itself - a well-known organic 
additive and an inorganic additive may be added. Moreover, a sodium sulfate, an ammonium chloride, 
etc. may be added as an electric conduction adjuvant. 

[0013] As for the solution temperature of the plating bath for performing electric nickel plating, in this 
invention, it is desirable to adjust to 30 degrees C - 70 degrees C. 

[0014] In this invention, it is desirable to perform electric nickel plating, performing pulse electrolysis. 
By performing electric nickel plating, effectiveness, such as detailed eburnation of a metallic crystal and 
improvement in adhesion of nickel plating coat formed, is acquired, performing pulse electrolysis using 
nickel plating liquid in this invention. As a pulse electrolytic condition, the conditions which 2msec(s) - 
100msec and TON become [ a pulse period ], and 1msec - 95msec and the peak current consistency Ip 
become [ 1msec - 95msec and TOFF ] 0.2 A/dm2-100 A/dm2 are mentioned. 
[0015] The thickness of nickel plating coat formed by the electric nickel plating approach of this 
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invention When forming only this nickel plating coat in a rare earth system permanent magnet front 
face, 5 micrometers - 30 micrometers are desirable. When forming this nickel plating coat in the 1st 
layer for forming a composite-plating coat layer in a magnet front face, 0.2 micrometers - 10 
micrometers are desirable, and when forming this nickel plating coat after the 2nd layer, 1 micrometer - 
30 micrometers are desirable. When forming this nickel plating coat after the 2nd layer for forming a 
composite-plating coat layer in a magnet front face, different metal plating coats, such as others and Cu 
plating coat and Sn plating coat, and Zn plating coat, may be formed in the 1st layer by the well-known 
forming-membranes method. [ coat / nickel plating ] Moreover, a different metal plating coat may be 
formed on nickel plating coat formed by the electric nickel plating approach of this invention, and the 
coat of the another kind of a chemical conversion coat etc. may be formed. 

[0016] The rare earth elements (R) in a R-Fe-B system permanent magnet have at least one sort or a still 
more desirable thing containing at least one sort in La, Ce, Gd, Er, Eu, Tm, Yb, Lu, and Y among Nd, 
Pr, Dy, Ho, Tb, and Sm among the rare earth system permanent magnets applied to this invention. 
Moreover, although it is usually sufficient with one sort in R, it can be practically used for any expedient 
reason of acquisition of two or more sorts of mixture (a misch metal, didym, etc.). Furthermore, it 
becomes possible by adding at least one sort in aluminum, Ti, V, Cr, Mn, Bi, Nb, Ta, Mo, W, Sb, 
germanium, Sn, Zr, nickel, Si, Zn, Hf, and Ga to attain improvement of the square shape nature of 
coercive force or a demagnetization curve, improvement of manufacturability, and low-pricing. 
Moreover, the temperature characteristic can be improved by permuting a part of Fe by Co, without 
spoiling the magnetic properties of the magnet obtained. 
[0017] 

[Example] Although the following examples explain this invention to a detail further, this invention is 
not limited to the following publications at all. 

[0018] Example 1 : Aging treatment was performed at 600 degrees C among argon atmosphere for 2 
hours, the sintered compact with the presentation of 15Nd-lDy-7B-77Fe (atomic %) produced with 
powder-metallurgy processing was processed into plate-like [ with the thickness of 3mm, a width of 
face / of 12mm /, and a die length of 30mm ], and acid- washing defecation of the sintered magnet 
obtained by performing barrel beveling processing further was carried out with the dilution nitric acid, 
nickel ion adjusted to various kinds of concentration shown in Table 1 with a nickel sulfate and 6 
hydrate, a nickel chloride and 6 hydrate, and the ammonium chloride (a sodium chloride is further used 
about plating liquid 7) to this magnet, and a chlorine ion, As a buffer, a sodium citrate and 2 hydrate 147 
g/1 (0.5 mol/1), Sodium-lauryl-sulfate 0.02 g/1, and 2-butine 1 and 4-diol 0.5 g/1 are included as boric- 
acid 8 g/1 and an additive. Seven kinds of nickel plating liquid which adjusted pH to 5 by adding basic 
nickel carbonate was used, and thickness formed in the magnet front face nickel plating coat which is 10 
micrometers on electric nickel plating conditions of nickel plate as 50 degrees C of solution temperature 
of a plating bath, current density 2 A/dm2, and an anode plate. The engine performance of formed nickel 
plating coat is shown in Table 1 . 

[0019] The compactness of a plating coat and corrosion-resistant promotion evaluation (coloring 
reaction trial) performed evaluation of the coat soundness in Table 1 . It is as follows when the 
evaluation approach is explained briefly. The plating magnet sample was immersed in the test fluid 
adjusted to pH2 with potassium ferricyanide 3 g/1, ethanol 100 ml/1, and a hydrochloric acid in ordinary 
temperature, and it observed for 60 minutes. Since a blue spot occurs when corrosion results in a magnet 
material or coat defects (pinhole etc.) exist in it When after 30-minute immersion did not have 
generating of a blue spot, a blue spot occurred in O and 20-30 minutes after immersion, a blue spot 
occurred in O and 10 minutes - 20 minutes after immersion and a blue spot occurred in less than 10 
minutes after ** and immersion, it was estimated as x. 

[0020] Evaluation of the surroundings nature with plating in Table 1 was performed by estimating it as 
x, when variation was less than ** 10%, O and variation were ** 10% - 20% and ** and variation 
exceeded **20% about the variation in the plating coating weight (thickness) by ten-place observation 
of the flat-surface section of the same plating magnet sample. 
[0021] 
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[0022] It turned out that nickel plating coat of the property which was excellent even if it reduced the 
content of a boric acid more sharply than the content of conventional boric-acid ** nickel plating liquid 
by adjusting the weight ratio (nickel2+/Cl-) to the chlorine ion concentration of nickel ion concentration 
in nickel plating liquid to a predetermined weight ratio so that clearly from Table 1 can be formed 
(plating liquid 2 - plating liquid 6). 

[0023] Example 2: Acid-washing defecation of the sintered magnet obtained by the same approach as an 
example 1 was carried out with the dilution nitric acid, nickel ion adjusted to various kinds of 
concentration shown in Table 2 with a nickel sulfate and 6 hydrate, a nickel chloride and 6 hydrate, and 
the ammonium chloride to this magnet, and a chlorine ion, Sodium-lauryl-sulfate 0.02 g/1, 2-butine 1 
and 4-diol 0.5 g/1, and 1, 3, and 6 naphthalene tris RUHON acid sodium 2.0g/l. are included as the 
buffer adjusted to various kinds of concentration shown in Table 2, boric-acid 8 g/1, and an additive. 1 1 
kinds of nickel plating liquid which adjusted pH to 6 by adding basic nickel carbonate was used, and 
thickness formed in the magnet front face nickel plating coat which is 10 micrometers on electric nickel 
plating conditions of nickel plate as 50 degrees C of solution temperature of a plating bath, current 
density 3 A/dm2, and an anode plate. The engine performance of formed nickel plating coat is shown in 
Table 2. 

[0024] Evaluation of the coat soundness in Table 2 was performed like the example 1 . The pressure 
cooker trial performed corrosion resistance evaluation. It is as follows when the evaluation approach is 
explained briefly. The plating magnet sample was left under the environment of 125 degrees C, 85%RH, 
and two atmospheric pressures for 200 hours, and when neither rust nor blistering occurred, O, and 
slight rust and slight blistering occurred and much **s, rust, and blistering occurred, it was estimated as 
x. 



[0025] 
Table 21 





MM 




«/l 


1/1 


IftJt 


ft-* 




ft* 


— — i 




8(0X2) 


52 


16 


3.6 


X 


n 


ttttff 


* 2 


a 


90(01) 


62 


15 


34 


O 


O 




* 3 


B 


120(04) 


52 


15 


06 


O 


O 




* 4 




113(05) 


80 


18 


40 


O 


o 




m 8 




40(016) 


30 


20 


1-5 


o 


o 


**mm 


« 6 




6(01) 


52 


20 


L6 


0 


o 


**mm 


* 7 




25(01) 


90 


15 


40 


o 


0 


**mm 


m 8 




27(01) 


66 


20 


24 


o 


o 


**«* 


» 9 




20(03) 


40 


70 


0j8 


e 


o 


*««« 


» 10 




116(08) 
♦45(02) 


68 


20 


2j6 


0 


0 




* 11 




113(08) 
♦27(01) 


65 


20 


2J 


o 


o 


£ftftffl 



[0026] It turned out that nickel plating coat of the property which was excellent even if it reduced the 
content of a boric acid more sharply than the content of conventional boric-acid ** nickel plating liquid 
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by adjusting the content of buffers, such as a citric acid replaced with a boric acid, to 0.03 or more mol/1 
so that clearly from Table 2 can be formed (plating liquid 2 - plating liquid 1 1). 

[0027] Example 3: Acid- washing defecation of the sintered magnet obtained by the same approach as an 
example 1 was carried out with the dilution nitric acid. To this magnet, nickel plating liquid 4 of an 
example 1 was used, and nickel plating coat whose thickness is 3 micrometers was formed in the magnet 
front face on the same electric nickel plating conditions as an example 1. Next, nickel ion adjusted to 
various kinds of concentration shown in Table 3 with a nickel sulfate and 6 hydrate, a nickel chloride 
and 6 hydrate, and the ammonium chloride and a chlorine ion, Sodium-lauryl-sulfate 0.02 g/1, and 2- 
butine 1 and 4-diol 0.5 g/1 are included as the buffer and additive which were adjusted to various kinds 
of concentration shown in Table 3. Five kinds of nickel plating liquid which adjusted pH to 5 by adding 
basic nickel carbonate was used, and the coat whose thickness is 15 micrometers as a 2nd layer nickel 
plating coat was formed in the 1st layer nickel plating coat front face on the same electric nickel plating 
conditions as an example 1. The engine performance of formed nickel plating coat is shown in Table 3. 
[0028] Evaluation of the coat soundness in Table 3 was performed like the example 1. Corrosion 
resistance evaluation was performed like the example 2. Evaluation of plating adhesion is epoxy system 
resin (SW2214: 120 degrees C after spreading adhesion with the heat-curing mold epoxy system 
adhesives made from Sumitomo 3M) to a plating magnet sample. After applying heat hardening in 60 
minutes and pasting up with a steel fixture, disruptive strength (plating peel strength) is measured in a 
shear compression test 1 80 degrees. When bond strength was 400kg/cm2 or more, O and bond strength 
were 300kg/cm2 - 400kg/cm2 and ** and bond strength were less than 300kg/cm2, it carried out by 
estimating it as x. 
[0029] 
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[0030] Even if it did not include a boric acid in nickel plating liquid so that clearly from Table 3, it 
turned out that nickel plating coat of the property excellent in adjusting the weight ratio (nicke!2+/Cl-) 
to the chlorine ion concentration of nickel ion concentration in nickel plating liquid to a predetermined 
weight ratio, and adjusting the content of buffers, such as a citric acid replaced with a boric acid, can be 
formed (plating liquid 1 - plating liquid 4). 

[0031] Example 4: Acid- washing defecation of the sintered magnet obtained by the same approach as an 
example 1 was carried out with the dilution nitric acid, this magnet — receiving — the very thing — well- 
known alkaline bath Cu plating was performed, and Cu plating coat whose thickness is 3 micrometers 
was formed in the magnet front face. Next, nickel ion adjusted to various kinds of concentration shown 
in Table 4 with a nickel sulfate and 6 hydrate, a nickel chloride and 6 hydrate, and the ammonium 
chloride and a chlorine ion, Sodium-lauryl-sulfate 0.02 g/1, and 2-butine 1 and 4-diol 0.5 g/1 are included 
as the buffer adjusted to various kinds of concentration shown in Table 4, a 8g [/l. ] boric acid, and an 
additive. Five kinds of nickel plating liquid which adjusted pH to 4 by adding basic nickel carbonate 
was used, and the coat whose thickness is 10 micrometers as a 2nd layer nickel plating coat was formed 
in the 1st layer Cu plating coat front face on the same electric nickel plating conditions as an example 1 . 
At the end, a nickel sulfate and 6 hydrate 200 g/1, a nickel chloride and 6 hydrate 40 g/1, Ammonium- 
chloride 10 g/1 (the weight ratio to the chlorine ion concentration of nickel ion concentration is 4.5), 
Benzenesulfonic acid 1 g/1 and propargyl alcohol 0.5 g/1 are included as citric-acid 2 ammonium 45 g/1 
(0.2 mol/1) and an additive, nickel plating liquid which adjusted pH to 4 by adding basic nickel 
carbonate is used. Thickness formed in the 2nd layer nickel plating coat front face nickel plating coat 
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which is 2 micrometers as a 3rd layer nickel plating coat on electric nickel plating conditions of nickel 
plate as 50 degrees C of solution temperature of a plating bath, current density 3 A/dm2, and an anode 
plate. The engine performance of formed nickel plating coat is shown in Table 4. In addition, evaluation 
of the coat soundness in Table 4 was performed like the example 1. Corrosion resistance evaluation was 
performed like the example 2. 
;0032] 
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[0033] It turned out that nickel plating coat of the property excellent in adjusting the weight ratio 
(nickel2+/Cl-) to the chlorine ion concentration of nickel ion concentration in nickel plating liquid to a 
predetermined weight ratio, and adjusting the content of buffers, such as a citric acid replaced with a 
boric acid, can be formed so that clearly from Table 4 (plating liquid 2 - plating liquid 5). 
[0034] Example 5: Acid- washing defecation of the sintered magnet obtained by the same approach as an 
example 1 was carried out with the dilution nitric acid, nickel ion adjusted to various kinds of 
concentration shown in Table 5 with a nickel sulfate and 6 hydrate, a nickel chloride and 6 hydrate, and 
the ammonium chloride to this magnet, and a chlorine ion, As a buffer, a sodium citrate and 2 hydrate 
147 g/1 (0.5 mol/1), Sodium-lauryl-sulfate 0.02 g/1, and 2-butine 1 and 4-diol 0.5 g/1 are included as 
boric-acid 8 g/1 and an additive. Various kinds of nickel plating liquid which adjusted pH to 5 by adding 
basic nickel carbonate is used. The basis of the same electric nickel plating conditions as an example 1, 
Thickness formed in the magnet front face nickel plating coat which is 3 micrometers, performing pulse 
electrolysis by various kinds of pulse electrolytic conditions (the pulse periods T and TON and TOFF) 
and peak current consistency Ip=10 A/dm2. Next, nickel plating liquid for forming the 3rd layer nickel 
plating coat of an example 4 was used, and the coat whose thickness is 5 micrometers as a 2nd layer 
nickel plating coat was formed in the 1 st layer nickel plating coat front face on the same electric nickel 
plating conditions as an example 4. The engine performance of formed nickel plating coat is shown in 
Table 5. In addition, evaluation of the coat soundness in Table 5 was performed like the example 1. 
Corrosion resistance evaluation was performed like the example 2. Evaluation of plating adhesion was 
performed like the example 3. 
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[0036] By performing electric nickel plating showed that electric nickel plating in high current density 
(short time) could be attained, nickel plating coat which has high corrosion resistance could be formed, 
and thin-film-izing of the thickness of nickel plating coat, as a result improvement in dimensional 
accuracy could be aimed at, performing pulse electrolysis so that clearly from Table 5 (plating liquid 1 - 
plating liquid 4). 
[0037] 

[Effect of the Invention] By adjusting use and the content of the buffer replaced with the weight ratio of 
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nickel ion concentration contained in nickel plating liquid, and chlorine ion concentration, and a boric 
acid according to the electric nickel plating approach of this invention Even if it reduces the content of 
the boric acid in nickel plating liquid, nickel plating coat which maintained the outstanding properties, 
such as throwing power, compactness, an appearance, etc. which nickel plating coat formed using nickel 
plating liquid which contains the boric acid of an amount conventionally has, can be formed. Moreover, 
nickel plating coat which controlled the permutation deposit of nickel and was excellent in throwing 
power can be formed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hp WS the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] nickel ion and a chlorine ion in a content from which the weight ratio (niekel2+/Cl-) to the 
chlorine ion concentration of nickel ion concentration is set to 0.19-1 1.4 in the electric nickel plating 
approach of a rare earth system permanent magnet, At least one sort chosen from a succinic acid, a 
malonic acid, a citric acid, a malic acid, acetic acids, and these salts as a buffer 0.03 mols/1. - 1.0 mol/1, 
The electric nickel plating approach characterized by forming nickel plating coat in a magnet front face 
using the plating liquid which contains 0-1 5g /of boric acids 1. 

[Claim 2] The electric nickel plating approach according to claim 1 characterized by said plating liquid 
containing 15 g/1 - 80 g/1 and a chlorine ion for nickel ion 7 g/1-80 g/1. 

[Claim 3] The electric nickel plating approach according to claim 1 or 2 characterized by said plating 
liquid containing a boric acid zero to 10 g/1. 

[Claim 4] The electric nickel plating approach according to claim 3 characterized by being electric 
nickel plating for forming nickel plating coat after the 2nd layer for forming a composite-plating coat 
layer in a magnet front face. 

[Claim 5] The electric nickel plating approach according to claim 1 characterized by the weight ratios to 
the chlorine ion concentration of nickel ion concentration of said plating liquid for forming a direct 
nickel plating coat in a magnet front face being 0.19-4.0. 

[Claim 6] The electric nickel plating approach according to claim 1 to 5 characterized by performing 
electric nickel plating, performing pulse electrolysis. 

[Claim 7] The electric nickel plating approach according to claim 1 to 6 characterized by a rare earth 
system permanent magnet being a R-Fe-B system permanent magnet. 
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